IMAGE FORMING APPARATUS 



. BACKGROUND OF THE INVENTION 

The present invention relates to a copier, printer, facsimile 
apparatus or similar image forming apparatus and more particularly 
to an image transfer device included therein and a charge roller, 
developing rol ler, transfer rol ler, cleaning rol ler or simi lar rol ler 
joining in image formation. 

Generally, an image forming apparatus of the kind described 
includes a photoconduct i ve drum or similar image carrier. An image 
transfer device includes a transfer roller pressed against the lower 
portion of the image carrier with opposite end portions thereof 
pressed by a pressing device. A charger uniformly charges the 
surface of the image carrier with a charge rol ler. A developing unit 
includes a developing roller for developing a latent image 
electrostatically formed on the image carrier. A cleaning unit 
includes a cleaning roller for removing toner left on the image 
carrier after image transfer. A bias power source app I ies a bias for 
image transfer to the transfer roller, so that the transfer roller 
transfers an image from the image carrier to a paper or similar 
recording medium. 

Japanese Patent La id-Open Publication No. 52-80842, for 



example, teaches an electrophotographic copier including a 
photoconduct i ve drum and an image transfer device including a 
transfer charger. The transfer charger adjoins the photoconduct i ve 
drum. A paper guide implemented as a guide roller is positioned 
upstream of the transfer charger in a direction of paper transport 
in the vicinity of the photoconduct ive drum. The guide roller has 
a greater outside diameter at its center than at its opposite ends, 
so that the center port ion of a paper reached the rol ler f i rst contacts 
the drum. 

Japanese Patent La id-Open Pub I i cat ion No. 4-321082 discloses 
an image forming apparatus including a photoconduct i ve drum and a 
image transfer device implemented as an elastic transfer roller 
pressed against the drum. The transfer roller transfers an image 
from the photoconduct i ve drum to a paper being conveyed between the 
transfer roller and the drum. The transfer roller has a 
circumferential surface configured in an inverse crown. 

Japanese Patent La id-Open Publication No. 4-127176 proposes 
an image forming apparatus including a rotatable charge rol ler for 
depositing a preselected potential on a photoconduct i ve element. A 
developing roller develops a latent image formed on the 
photoconduct ive element by exposure with a developer. A transfer 
rol ler transfers the resulting toner image from the photoconduct i ve 
drum to a paper. A cleaning roller removes toner left on the 
photoconduct i ve element after the image transfer. At least one of 
the above rollers is uniformly pressed against the photoconduct i ve 
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element in its axial direction by leaf springs. 

Japanese Patent La id-Open Publication No. 2-24685 discloses 
an image forming apparatus including a movable image carrier and a 
conductive, elastic transfer rol ler adjoining the image car r i er and 
5 movable in synchronism with the image carrier. A paper is. fed to a 
nip between the image carr ier and the transfer rol ler. The transfer 
roller has a greater outside diameter at its center portion than at 
its opposite end portions. 

Further, Japanese Patent La id-Open Publication No. 234545 

10 proposes an image forming apparatus including a transfer roller 
positioned above a photoconduct i ve drum. 

Transfer rol lers in general have a metal I ic core and involves 
a sag problem, as fol lows. Whi le a transfer rol ler with a metal I ic 
core having a great diameter does not sag, it is bulky and heavy. If 

15 the diameter of the meta I I ic core is small, then the transfer rol ler 
sags due to its own weight. As the transfer roller is made longer, 
it sags more and cannot maintain a nip width between it and an image 
carrier uniform. 

More specif ica I I y, so long as the transfer roller is shorter 

20 than 350 mm, the transfer rol ler does not sag by more than 0. 1 mm even 
when its core (formed of iron) has a relatively sma I I diameter (8 mm). 
However, the sag sharply increases when the above length exceeds 350 
mm. Because the transfer rol ler is usual ly pressed against the lower 
portion of an image carrier, the nip width is smaller at the center 

25 portion than at the opposite end portions due to the sag of the rol ler. 
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This is I ike I y to bring about defective images that are local ly lost. 

On other hand, assume that the transfer roller is positioned above 

an image carrier and pressed against the image carrier with its 

opposite ends pressed by a pressing device. Then, the nip width is 
5 greater at the center portion than at the opposite end portions due 

to the sag of the transfer roller, resulting in irregular image 

transfer and therefore defective images. 

The above sag problem also occurs with a charge roller, a 

developing roller, a cleaning rol ler and other rollers arranged in 
10 an image forming apparatus. For example, the charge roller, 

developing roller and cleaning roller respectively render charging, 

development and cleaning irregular due to their sag, also resulting 

in defective images. 

Technologies relating to the present invention are also 
15 disclosed in, e.g., Japanese Patent La id-Open Pub I i cat ion Nos. 6- 

186812 and 7-225523. 

SUMMARY OF THE INVENTION 
It is therefore an object of the present invention to provide 
20 an image forming apparatus capable of obviating defective images 
ascribable to the sag of rollers included therein. 

An image forming apparatus of the present invention includes 
an image carrier and an elastic transfer roller pressed against the 
image carrier and conveys a recording medium between the transfer 
25 roller and the image carrier to thereby transfer a toner image from 
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the image carrier to the recording medium. The transfer roller is 
positioned in an angular range of less than ±90° from the top of the 
image car r ier i n the d i rect i on of rotat i on of the image car r i er. The 
transfer rol ler has a greater diameter at its opposite end portions 
5 than at its center portion in the axial direction of the roller. 
Alternatively, the transfer roller may have lower hardness, lower 
dens i ty or I ower e I ectr i c r es i stance at the oppos i te end port i ons than 
at the. center portion. This roller configuration is similarly 
applicable to any other roller included in the image forming 
10 apparatus. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The above and other objects, features and advantages of the 
present i nvent ion wi I I become more apparent from the following 
15 detai led description taken with the accompany ing drawings in which: 
FIG. 1 is a section showing a first embodiment of the image 
forming apparatus in accordance with the present invention; 

FIG. 2 is a section of a photoconduct i ve drum included in the 
illustrative embodiment, showing an angular range where an image 
20 transfer nip is positioned; 

FIG. 3 is an elevation showing the effective width of a 
transfer roller also included in the illustrative embodiment; 

FIG. 4 is a view simi lar to FIG. 3, showing the configuration 
of the transfer roller unique to the illustrative embodiment; 
25 FIGS. 5 and 6 are side elevations showing transfer rollers 



respectively representative of a second and a third embodiment of the 
present invention; 

FIGS. 7 through 12 are sections respectively showing a fifth, 
a ninth, a thirteenth, a seventeenth, a twenty-first and a 
twenty-fifth embodiment of the present invention; and 

FIGS. 13A and 13B are fragmentary views each showing a 
part i cu I ar spec i f i c conf i gur at i on of a press i ng dev i ce app I i cab I e to 
the illustrative embodiments. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Refer r ing to FIG. 1 of the drawings, an image formi ng apparatus 
embodying the present invention is shown and includes a 
photoconduct i ve element or image carrier 1 implemented as a drum by 
way of example (drum 1 hereinafter). The drum 1 is positioned 
substantially horizontally and caused to rotate by a drive section 
not shown. A charger or charging means 2 is located beneath the drum 
1 for uniformly charging the surface of the drum 1. A developing unit 
or developing means 3 is positioned at the left-hand side of the drum 
1, as viewed in FIG. 1. for developing a latent image 
electrostatically formed on the drum 1. 

An optical writing unit or exposing means, which is 
represented by a beam 4, optical ly scans the charged surface of the 
drum 1 between a charging position where the charger 2 is located and 
a developing position where the developing unit 3 is located, thereby 
forming a latent image. A transfer rol ler 5 is positioned above the 



drum 1 and const itutes an image transfer device. The transfer roller 
5 is pressed against the drum 1 with opposite ends of its metallic 
core pressed by a press i ng dev i ce. I n th i s cond i t i on, a n i p for i mage 
transfer is formed between the transfer roller 5 and the drum 1. 

FIGS. 13A and 13B each show a particular specific 
configuration of the above pressing device. In FIG. 13A, each end 
of a metal I ic core 5a included in the transfer rol ler 5 is rotatably 
supported by a bearing 62 which is, in turn, pressed by a screw 63. 
In FIG. 13B, the bearing 62 supporting the core 5a is pressed by a 
spring 64. If desired, both the screw 63 and spring 64 may be used 
to press the bearing 62. 

The transfer roller 5 is positioned above a horizontal plane 
containing the axis of the drum 1. More specifically, as shown in 
FIG. 2, assume.. a horizontal plane H containing the axis 0 of the drum 
1, and an angular range a of 45° to 135° as. measured from the plane 
H in the counterclockwise direction. Then, the transfer roller 5 
should preferably be pressed agai nst the drum 1 within the above range 
a, i.e. , a range extending over 45° from the top of the drum 1 right 
above the axis 0 in each of the clockwise and counterclockwise 
directions with respect to the rotation of the drum 1. The nip is 
therefore formed within the range or. 

As shown in FIG. 3, the transfer rol ler 5 has an ef f ect i ve wi dth 
or overall length L capable of effecting image transfer. The 
effective width L is 350 mm or above, e.g., 1 m. At least part of 
the transfer roller 5 expected to contact the drum 1 is formed of 
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ur ethane rubber or si mi lar elastic material. For example, an elastic 
layer implemented by urethane rubber is formed on a metallic core 
having a diameter of, e. g. , 8 mm. A bias power source, not shown, 
applies a bias for image transfer to the core. 

As shown i n F I G. 4, the transfer ro I I er 5 has a d i ameter a (e. g. 
15.8 mm) at its center portion 5a in the axial direction and has a 
diameter b (e. g. 16 mm) at its opposite end portions 5b. That is, 
the diameter b is greater than the diameter a. The diameter of the 
transfer roller 5 therefore sequentially increases from the center 
portion 5a toward the end portions 5b. 

So long as the effective width L of the transfer rol ler 5 is 
350 mm or above, the sag of the rol ler 5 can be reduced if the core 
diameter is increased. The core diameter, however, cannot be 
increased above a certain limit. In the i I I ustrat i ve embod iment, the 
diameter of the roller 5 sequentially increasing from the center 
portion to toward the end portions is successful to absorb the sage 
of the rol ler 5. 

Refer r i ng aga i n to F I G. 1 , a drum c I ean i ng un i t 6 is pos i t i oned 
at the r i ght~hand s i de of the drum 1 for c I ean i ng the drum 1 . A pee I er 
7 is located between the transfer roller 5 and the cleaning unit 6. 

In operation, the charger 2 uniformly charges the surface of 
the drum 1 be i ng rotated by the dr i ve sect i on. The wr i t i ng un i t scans 
the charged surface of the drum 1 with the beam 4 to thereby 
electrostatically form a latent image. The developing unit 3 
develops the latent image so as to produce a corresponding toner image. 



A pickup rol ler 10 pays out a paper or si mi lar recording medium 9 from 
a tray 8. Roller pairs 11 through 16 convey the paper 9 to the nip 
between the drum 1 and the transfer roller 5. 

The transfer rol ler 5 app I ied with the previously stated bias 
electrostatically transfers the toner image from the drum 1 to the 
paper 9 being conveyed via the nip. The paper 9 with the toner image 
is removed from the drum 1 by the peeler 7 and conveyed to a fixing 
unit 17. The fixing unit 17 fixes the toner image on the paper 9. 
An outlet rol ler pa i r 8 dr i ves the paper or pr int 9 coming out of the 
fixing unit 17 to a tray 19. 

As stated above, in the i I lustrative embodiment, the transfer 
rol ler 5 is positioned within the angular range of ±90° from the top 
of the drum 1 in the direction of rotation of the drum 1. In addition, 
the diameter of the transfer roller 5 is greater at opposite end 
portions than at the center portion in the axial direction of the 
rol ler 5. With this configuration, the transfer rol ler 5 sags I ittle 
despite its own weight. This successfully reduces the variation of 
the width of the roller portion contacting the drum 1 and thereby 
reduces the local omission of a toner image ascribable to the sag of 
the roller 5. Further, the ratio in diameter between the center 
portion and the opposite end portions i s-opt imized i n order to further 
reduce the sag of the rol ler 5. The rol ler 5 therefore contacts the 
drum 1 in a straight position and obviates the local omission of a 
toner image. 

♦FIG. 5 shows a transfer rol ler 21 representative of a second 
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embodiment of the present invention. As shown, the transfer roller 
21, which is a substitute for the transfer roller 5, includes a 
metallic core 21a. At least part of the transfer roller 21 expected 
to contact the drum 1 is formed of an elastic material, as in the 
previous embodiment. In this embodiment, the above part of the 
rol ler 21 has lower hardness at opposite end portions than at a center 
portion in the axial di recti on of the rol ler 21, i.e., the hardness 
sequentially decreases from the center portion toward opposite end 
portions. For example, the hardness is 30° at the center portion and 
lower than 30° at the opposite end portions (Ascar C scale). 

As stated above, in the i I lustrative embodiment, the hardness 
of the transfer roller 21 is lower at opposite end portions than at 
the center portion in the axial direction of the roller 21. This, 
coupled with the fact that the roller 21 is positioned within the 
angular range of ±90° from the top of the drum 1 in the direction 
of rotat i on of the drum 1 , reduces the sag of the rol ler 21 ascr i bab I e 
to its own weight. Therefore, the variation of the width of the 
roller portion contact i ng the drum 1 and therefore the local omission 
of a toner image ascr i bab I e to the sag of the rol ler 21 is reduced. 
Further, the ratio in hardness between the center portion and the 
opposite end portions is optimized in order to further reduce the sag 
of the roller 21. The roller 21 therefore contacts the drum 1 in a 
straight position and obviates the local omission of a toner image. 

FIG. 3 shows a transfer roller 22 representative of a third 
embodiment of the present invention. As shown, the transfer roller 



11 



22, which is another substitute for the transfer rol ler 5, includes 
a metal I ic core 22a. Again, at least part of the rol ler 22 expected 
to contact the drum 1 is formed of an elastic material. In the 
i | lustrative embodiment, the rol ler 22 has lower density at opposite 
end portions than at the center portion, i.e., the density, 
sequentially decreases from the center portion toward the opposite 
end portions. For example, the density is 1 g/cm 2 at the center 
portion and lower than 1 g/cm 2 at the opposite end portions. 

As stated above, in the i I lustrative embodiment, the density 
of the transfer roller 22 is lower at opposite end portions than at 
the center portion in the axial direction of the roller 22. This, 
coupled with the fact that the roller 22 is positioned within the 
angular range of ±90° from the top of the drum 1 in the direction 
of r otat i on of the drum 1 . reduces the sag of the ro I l er 22 ascr i bab I e 
to its own weight. Therefore, the variation of the width of the 
Vol ler portion contacting the drum 1 and therefore the local omission 
of a toner image ascr i bab I e to the sag of the rol ler 22 is reduced. 
Further, the ratio in density between the center portion and the 
opposite end portions is optimized in order to further reduce the sag 
of the rol ler 22. The rol ler 22 therefore contacts the drum 1 in a 
straight position and obviates the local omission of a toner image. 

In a fourth embodiment of the present invention, a transfer 
rol ler replacing the transfer rol ler 5 also has part thereof expected 
to contact the drum 1 formed of an elastic material. In this 
embodiment, the transfer roller has lower electric resistance at 



12 



oppos i te end port i ons than at the center port i on, i.e., the e I ectr ic 
res i stance sequent i a I I y decreases from the center port i on toward the 
oppos i te end por t i ons. Such an e I ectr i c res i stance d i st r i but i on may 
be imp lemented by, e.g., contro I I i ng the mi xture rat i o of. meta I powder 
5 constituting the elastic material. The above electric resistance 
distribution maintains the potential of the surface of the roller 
contact i ng the drum 1 uniform even when the roller sags due to its 
own weight, thereby obviating defective mages. The rol ler allows 
charge to uniformly act on the drum 1 because the e I ectr i c res i stance 

10 is high at the center of the nip. 

As stated above, i n the i I I ust rat i ve embod i ment, the e I ast i c 
material of the transfer roller has electric resistance lower at 
opposite end portions than at the center portion in the axial 
direction of the roller. In addition, the transfer roller is 

15 positioned within the angular range of ±90° from the top of the drum 
1 in the direction of rotation of the drum 1. Therefore, even when 
the roller sags due to its own weight and contacts the drum 1 from 
above the drum 1, the potential of the roller remains substantially 
uniform because the electric resistance of the elastic material is 

20 higher at the center portion than at the opposite ends; the roller 
sags most at the center portion. Consequently, the local omission 
of a toner image ascribable to the sag of the roller is obviated. 

Referring to FIG. 7, a fifth embodiment of the present 
invention wi I I be described. As shown, the photoconduct i ve element 

25 is implemented as a belt 23 passed over rol lers 24 and 25. A motor, 
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not shown, is drivably connected to one of the rol lers 24 and 25 so 
as to cause the belt 23 to turn. A transfer rol ler 26 representative 
of an image transfer device is positioned above the portion of the 
belt 23 passed over the roller 24. 

The transfer rol ler 26 is positioned above a horizontal plane 
containing the center of the portion of the belt 23 passed over the 
ro I I er 24, i.e., the ax i s of the ro I I er 24. More spec i f i ca I I y, assume 
a/horizontal plane containing the center of the above portion of the 
belt 23, and an angular range of 45° to 135° as measured from the 
horizontal plane in the counterclockwise direction. Then, the 
transfer roller 26 should preferably be pressed against the belt 23 
within the above range, i.e., a range extending over 45° from the top 
of the belt 23 right above the center of the above portion of the belt 
23 in each of the clockwise and counterclockwise directions with 
respect to the rotation of the belt 23. Therefore, a nip is formed 
between the belt 23 and the transfer rol ler 26 within the above angular 
range. The roller 26 is pressed against the belt 23 with opposite 
ends of its metallic core pressed by a pressing device. 

The transfer rol ler 26 has a greater diameter at the opposite 
end portions than at the center portion in the axial direction. For 
example, the diameter of the transfer rol ler 26 sequent i a I I y 
increases from the center portion toward the end portions. This 
configuration is successful to absorb the sag of the roller 26. 

In operation, a charger or charging means 27 uniformly charges 
the surface of the belt 23. A writing unit, not shown, scans the 
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charged surface of the belt 23 with a beam 28 to thereby 
electrostatical ly forma latent image. A developing unit 29 develops 
the latent image so as to produce a corresponding toner image. A 
paper fed from a paper feeder, not shown, is conveyed via the nip 
between the belt 23 and the transfer roller 26. 

The transfer rol ler 26 appl ied with a bias from a bias power 
source, not shown, electrostatically transfers the toner image from 
the belt 23 to the paper being conveyed via the nip. The paper with 
the toner image is removed from the belt 23 and conveyed to a fixing 
unit 30. The fixing unit 30 fixes the toner image on the paper. 
F i na I I y, the paper or pr i nt i s dr i ven out of the apparatus to a tray 
not shown. A belt cleaning unit 31 cleans the surface of the belt 
23 after the image transfer. 

As stated above, in the i I lustrative embodiment, the ^transfer 
roller 26 is positioned within the angular range of ±90° from the 
top of the belt 23 in the direction of rotation of the belt 23. In 
addition, the diameter of the transfer roller 26 is greater at 
opposite end portions than at the center portion in the axial 
direction of the roller 26. With this configuration, the transfer 
roller 26 sags little despite its own weight. This successfully 
reduces the variation of the. width of the roller portion contacting 
the belt 23 and thereby reduces the local omission of a toner image 
ascribable to the sag of the roller 26. Further, the ratio in 
diameter between the center portion and the opposite end portions is 
optimized in order to further reduce the sag of the rol ler 26. The 
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roller 26 therefore contacts the belt 23 in a straight position and 
obviates the local omission of a toner image. 

A sixth to an eighth embodiment of the present invention each 
use any one of the transfer rol lers of the second to fourth embodiments 
in place of the above transfer roller 26, although not shown or 
described specif ica I ly. The sixth to eight embodiments achieve the 
same advantages as the second to fourth embodiments. 

Reference will be made to FIG. 8 for describing a ninth 
embodiment of the present invention. As shown, the illustrative 
embodiment includes an intermediate transfer drum 32 and a transfer 
roller 33 positioned above the drum 32. 

The transfer roller 33 is pos i t i oned above a hor i zonta I p I ane 
containing the axis of the intermediate transfer drum 32. More 
specifically, assume a horizontal plane containing the axis of the 
intermediate transfer drum 32, and ah angular range of 45° to 135° as 
measured from the hor i zonta I p lane i n the counterc I ockwi se d i rect ion. 
Then, the transfer rol ler 33 should preferably be pressed aga i nst the 
intermediate transfer drum 32 within the above angular range, i. e. , 
a range extending over 45° from the top of the drum 32 right above 
the axis of the drum 32 in each of the clockwise and counterclockwise 
directions with respect to the rotation of the drum 32. A nip is 
therefore formed between the transfer rol ler 33 and the intermediate 
transfer drum 32 within the above angular range. The transfer rol ler 
33 is pressed against the i ntermed i ate transfer drum 32 wi th opposite 
ends of its metallic core pressed by a pressing device not shown. 
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The transfer rol ler 33 has a greater diameter at opposite end 
portions than at the center portion. For example, the diameter of 
the transfer rol ler 33 sequential ly increases from the center portion 
toward the end portions. This configuration absorbs the sag of the 
rol ler 33. The intermediate transfer drum 32 is held in contact with 
a photoconduct i ve drum 34 and driven by a motor not shown. 

A motor, not shown, causes the drum 34 to rotate at the same 
peripheral speed as the intermediate transfer drum 32. A charger or 
charging means 35 uniformly charges the surface of the drum 34. An 
optical writing unit scans the charged surface of the drum 34 with 
a beam 36 modulated by yellow image data, thereby forming a latent 
image on the drum 34. A rotary developing unit, or revolver as 
referred to hereinafter, deve I ops the above latent image with a yel low 
developing section 37 to thereby form a corresponding yel low toner 
image. The yel low toner image is transferred from the drum 34 to the 
intermediate transfer drum 32. A drum cleaning unit 65 cleans the 
surface of the drum 34 after the image transfer. 

Subsequently, after the charger 35 has uniformly charged the 
surface of the drum 34. the writing unit scans the charged surface 
of the drum 34 with a beam 36 modulated by magenta image data, thereby 
forming a latent image on the drum 34. The revolver develops the 
latent image with a magenta developing section 38 to thereby form a 
corresponding magenta toner image. The magenta toner image is 
transferred from the drum 34 to the intermediate transfer drum 32 over 
the yellow toner image existing on the drum 32. Again, the drum 
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cleaning unit 65 cleans the surface of the drum 34 after the image 
transfer. 

Likewise, after the charger 35 has uniformly charged the 
surface of the drum 34, the writing unit scans the charged surface 
5 of the drum 34 with a beam 36 modulated by cyan image data, thereby 
forming a latent image on the drum 34. The revolver develops the 
latent image with a cyan developing section 39 to thereby form a 
correspond i ng cyan toner image. The cyan toner image is transferred 
from the drum 34 to the intermediate transfer drum 32 over the 

10 composite yellow and magenta toner image existing on the drum 32. 

Again, the drum cleaning unit 65 cleans the surface of the drum 34 
after the image transfer. 

Finally, after the charger 35 has uniformly charged the 
surface of the drum 34, the writing unit scans the charged surface 

15 of the drum 34 with a beam 36 modulated by black image data, thereby 
forming a latent image on the drum 34. The revolver develops the 
latent image with a black developing section 40 to thereby form a 
corresponding black toner image. The black toner image is 
transferred from the drum 34 to the intermediate transfer drum 32 over 

20 the composite yellow, magenta and cyan toner image existing on the 
drum 32, completing a full-color image. Again, the drum cleaning 
unit 65 cleans the surface of the drum 34 after the image transfer. 

Whi le a paper fed form a paper feeder, not shown, is conveyed 
via the nip between the intermediate transfer drum 32 and the transfer 

25 . roller 33, the full-color image is transferred from the drum 32 to 
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the paper. . A f i x i ng un i t 41 f i xes the toner image on the paper. The 
resulting print is driven out of the apparatus to a tray not shown. 

As stated above, in the i I lustrative embodiment, the transfer 
roller 33 is positioned within the angular range of ±90° from the 
5 top of the intermediate transfer drum or image carrier 32 in the 
direction of rotation of the drum 32. In addition, the diameter of 
the transfer roller 33 is greater at opposite end portions than at 
the center portion in the axial direction of the rol ler 33. With this 
configuration, the transfer roller 33 sags I ittle despite its own 

10 weight. This successful ly reduces the variation of the width of the 
roller portion contacting the intermediate transfer drum 32 and 
thereby reduces the local omission of a toner image ascribable to the 
sag of the 33. Further, the ratio in diameter between the center and 
the opposite ends is optimized in order to further reduce the sag of 

15 the roller 33. The ro I I er 33 therefore contacts the image carrier 
32 in a straight position and obviates the local omission of a toner 
image. 

A tenth to a twelfth embodiment of the present invention each 
use any one of the transfer rol lers of the second to fourth embodiments 
20 in place of the above transfer roller 33, although not shown or 
descr i bed specif ica I ly. The tenth to twelfth embodiments achieve 
the same advantages as the second to fourth embodiments. 

A thirteenth embodiment of the present invention will be 
described with reference to FIG. 9. As shown, the illustrative 
25 embodiment includes an intermediate transfer belt or image carrier 
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42 passed over rol lers 43 through 46. A motor, not shown, drives one 
of the rollers 43 through 46 for thereby causing the intermediate 
transfer belt 42 to turn. A transfer rol ler 47 representative of an 
image transfer device is positioned above the portion of the belt 42 
5 passed over the rol ler 43. A bias power source, not shown, app I ies 
a bias for image transfer to the transfer roller 47. 

The transfer rol ler 47 is positioned above a horizontal plane 
containing the center of the portion of the belt 42 passed over the 
rol ler 43, i.e., the ax i s of the ro I ler 43. More spec i f i ca I I y, assume 

10 a horizontal plane conta i n i ng the center of the above portion of the 
belt 42, and an angular range of 45° to 135° as measured from the 
horizontal plane in the counterclockwise direction. Then, the 
transfer rol ler 47 should preferably be pressed against the belt 42 
within the above angular range, i.e., a range extend i ng over 45° from 

15 the top of the belt 42 right above the center of the above portion 
of the belt 42 in each of the clockwise and counterclockwise 
directions with respect to the rotation of the belt 42. Therefore, 
a nip is formed between the belt 42 and the transfer rol ler 47 within 
the above angular range. The Vol ler 47 is pressed against the belt 

20 42 with opposite ends of its metallic core pressed by a pressing 
device. 

- A motor, not shown, causes a photoconduct i ve drum 48 to rotate 
at the same peripheral speed as the intermediate transfer belt 42. 
A charger or charg i ng means 49 uniformly charges the surface of the 
25 drum 48. An optical writing unit scans the charged surface of the 
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drum 48 with a beam 50 modulated by yel low image data, thereby forming 
a latent image on the drum 48. A revolver develops the above latent 
image with a yellow developing section 51 to thereby form a 
corresponding yellow toner image. The yellow toner image is 
5 transferred from the drum 48 to the intermediate transfer belt 42. 
A drum cleaning unit 55 cleans the surface of the drum 48 after the 
image transfer. 

Subsequently, after the charger 49 has uniformly charged the 
surface of the drum 48, the writing unit scans the charged surface 

10 of the drum 48 with a beam 50 modulated by magenta image data, thereby 
forming a latent image on the drum 48. The revolver develops the 
latent image with a magenta developing section 52 to thereby form a 
corresponding magenta toner image. The magenta toner image is 
transferred from the drum 48 to the i ntermed i ate transfer be It 42 over 

15 the yellow toner image existing on the belt 42. Again, the drum 
cleaning unit 55 cleans the surface of the drum 48 after the image 
transfer. 

Likewise, after the charger 49 has uniformly charged the 
surface of the drum 48, the writing unit scans the charged surface 

20 of the drum 48 with a beam 50 modulated by cyan image data, thereby 
forming a latent image on the drum 34. The revolver develops the 
latent image with a. cyan developing section 53 to thereby form a 
correspond i ng cyan toner image. The cyan toner image i s transfer red 
from the drum 48 to the intermediate transfer belt 42 over the 

25 composite yellow and magenta toner image existing on the belt 42. 
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Again, the drum cleaning unit 55 cleans the surface of the drum 48 
after the image transfer. 

Finally, after the charger 49 has uniformly charged the 
surface of the drum 48, the writing unit scans the charged surface 
of the drum 48 with a beam 50 modulated by black image data, thereby 
forming a latent image on the drum 34. The revolver develops the 
latent image with a black developing section 54 to thereby form a 
corresponding black toner image. The black toner image is 
transferred from the drum 48 to the intermediate transfer belt 42 over 
the composite ye I low, magenta and cyan toner image existing on the 
belt 42, completing a full-color image. Again, the drum cleaning 
unit 55 cleans the surface of the drum 48 after the image transfer. 

Whi le a paper fed form a paper feeder, not shown, i s conveyed 
through the nip between the intermediate transfer belt 42 and the 
transfer rol ler 47, the full-color image i s transferred from the be It 
42 to the paper. A fixing unit, not shown, fixes the toner image on 
the paper. The resulting print is driven out of the apparatus to a 
tray not shown. 

As stated above, in the i I lustrative embodiment, the transfer 
roller 47 is positioned within the angular range of ±90° from the 
top of the intermediate transfer belt or image carrier 42 in the 
direction of rotation of the belt 42. In addition, the diameter of 
the transfer roller 47 is greater at opposite end portions than at 
the center port i on i n the axial d i rect i on of the roller 47. W i th th i s 
configuration, the transfer roller 47 sags little despite its own 
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weight. This successful ly reduces the var iation of the width of the 
rol I er port i on contact i ng the image carr i er42 and thereby reduces the 
local omission of a toner image ascr ibable to the sag of the rol ler 
47. Further, the ratio in diameter between the center portion and 
the opposite end portions is optimized in order to further reduce the 
sag of the rol ler 47. The roller 47 therefore contacts the image 
carrier 42 in a straight position and obviates the local omission of 
a toner image. 

A fourteenth to a sixteenth embodiment of the present 
invention each use any one of the transfer rol ler s of the second to 
fourth embodiments i n p I ace of the above transfer rol ler 47, although 
not shown or described specifically. The fourteenth to sixteenth 
embodiments achieve the same advantages as the second to fourth 
embod iments. 

FIG. 10 shows a seventeenth embodiment of the present 
invention appl ied to a charge rol ler 57 representative of a charger. 
A drive section, not shown, causes a photoconduct i ve drum or image 
carrier 56 to rotate whi le the charge rol ler 57 uniformly charges the 
surface of the drum 56. An optical writing unit, not shown, scans 
the charged surface of the drum 56 in order to form a latent image. 
A developing unit, not shown, develops the latent image to thereby 
produce a corresponding toner image. An image transfer device 
transfers the toner image from the drum 56 to a paper fed from a sheet 
feeder not shown. A fixing unit, not shown, fixes the toner image 
on the paper. The paper or print coming out of the fixing unit is 
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driven out to a tray not shown. 

The charge roller 57 is pressed against the drum 56 with 
opposite ends of its metal I ic core pressed by a pressing device not 
shown. A bias power source, not shown, appl ies a bias to the charge 
5 rol ler 57 in order to cause it to uniformly charge the drum 56. The 
charge roller 57 is positioned above a horizontal plane containing 
the axis of the drum 56. More specif ica I ly. assume a horizontal plane 
containing the axis of the drum 56, and an angular range of 45° to 
135° as measured from the horizontal plane in the counterclockwise 

10 direction. Then, the charge roller 57 should preferably be pressed 
against the drum 56 within the above angular range, i.e., a range 
extending over 45° from the top of the drum 56 right above the axis 
of the drum 56 in each of the clockwise and counterclockwise 
directions with respect to the rotation of the drum 56. 

15 As stated above, in the i I I ustrat i ve embod i ment, the charge 

rol ler 57 is positioned within the range of ±90° from the top of the 
drum or image carrier 56 i n the d i rect i on of rotat i on of the drum 56. 
In addition, the diameter of the charge roller 57 is greater at 
opposite end portions than at the center portion in the axial 

20 direction of the roller 57. With this configuration, the charge 
roller 57 sags little despite its own weight. This successfully 
reduces the variation of the width of the rol ler portion contacting 
the drum 56 and thereby reduces irregular charging ascribable to the 
sag of the roller 57. Further, the ratio in diameter between the 

25 center portion and the opposite end portions is optimized in order 
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to further reduce the sag of the rol ler 57. The rol ler 57 therefore 
contacts the image carrier 56 in a straight position and obviates 
irregular charging ascribable to the sag of the roller 57. 

An eighteenth to a twentieth embodiment of the present 
invention each provide the charge roller 57 with the same 
configuration as any one of the transfer rol lers of the second to 
fourth e liments, although not shown or descr ibed specif ical ly. 
The eighteenth to twentieth embodiments achieve the same advantages 
as the seventeenth embodiment. 

FIG. 11 shows a twenty-first embodiment of the present 
invent ion app I ied to a developing roller 59 representative of a 
developing unit. A drive section, not shown, causes a 
photoconduct i ve drum or image carrier 58 to rotate whi le a charger, 
not shown, uniformly charges the surface of the drum 58. An optical 
writing unit, not shown, scans the charged surface of the drum 56 in 
order to form a latent image. The developing rol ler 59 develops the 
latent image to thereby produce a corresponding toner image. An 
image transfer device, not shown, transfers the toner image from the 
drum 58 to a paper fed from a sheet feeder not shown. A fixing unit, 
not shown, fixes the toner image on the paper. The paper or print 
coming out of the fixing unit is driven out to a tray not shown. 

The developing rol ler 59 is pressed against the drum 58 with 
opposite ends of its metallic core pressed by a pressing device not 
shown. A bi as power source, not shown, app I i es a b i as f or deve I opment 
to the developing roller 59. The developing roller 59 in rotation 
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develops the latent image formed on the drum 58 with a developer 
deposited thereon. The developing roller 59 is positioned above a 
horizontal plane containing the axis of the drum 58. More 
specifically, assume a horizontal plane containing the axis of the 
drum 58, and an angular range of 45° to 135° as measured from the 
horizontal plane in the counterclockwise direction. Then, the 
developing roller 59 should preferably be pressed against the drum 
58 within the above angular range, i.e., a range extending over 45° 
from the top of the drum 58 r i ght above the axis of the drum 58 in 
each of the clockwise and counterclockwise directions with respect 
to the rotation of the drum 58. 

As stated above, in the illustrative embodiment, the 
developing roller 59 is positioned within the angular range of ± 
90° from the top of the drum or image carrier 58 in the direction of 
rotat i on of the drum 58. In add i t i on, the d i ameter of the deve I op i ng 
roller 59 is greater at opposite end portions than at the center 
portion in the axial direction of the roller 59. With this 
configuration, the developing roller 59 sags little despite its own 
weight. This successful ly reduces the var i at ion of the width of the 
rol ler portion contacting the drum 58 and thereby reduces irregular 
development ascribable to the sag of the roller 59. Further, the 
ratio in diameter between the center portion and the opposite end 
portions is optimized in order to further reduce the sag of the rol ler 
59. The roller 59 therefore contacts the image carrier 58 in a 
straight position and obviates irregular development ascribable to 
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the sag of the roller 59. 

A twenty-second to a twenty-fourth embodiment of the present 
invention each provide the developing roller 59 with the same 
configuration as any one of the transfer rollers of the second to 
fourth embodiments, although not shown or described specifically. 
The twenty-second to twenty-fourth embodiments achieve the same 
advantages as the twenty-first embodiment. 

FIG. 12 shows a twenty-fifth embodiment of the present 
invention applied to a cleaning roller 61 representative of a drum 
cleaning device. A drive section, not shown, causes a 
photoconduct i ve drum or image carrier 60 to rotate whi le a charger, 
not shown, uniformly charges the surface of the drum 58. An optical 
writing unit, not shown, scans the charged surface of the drum 60 in 
order to form a I atent i mage. A deve I op i ng dev i ce deve I ops the I atent 
image to thereby produce a correspond i ng toner image. An image 
transfer device, not shown, transfers the toner image from the drum 
60 to a paper fed from a sheet feeder not shown. A fixing unit, not 
shown, fixes the toner image on the paper. The paper or print coming 
out of the fixing unit is driven out to a tray not shown. After the 
image transfer, the drum cleaning rol ler 61 cleans the surface of the 
drum 60, i.e., removes toner left on the drum 60. 

The cleaning rol ler 61 is pressed against the drum 60 with 
opposite ends of its metallic core pressed by a pressing device not 
shown. The c I ean i ng r o II er 61 is pos i t i oned above a hor i zonta I p I ane 
containing the axis of the drum 60. More specifically, assume a 
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horizontal plane containing the axis of the drum 60, and an angular 
range of 45° to 1 35° from the hor i zonta I p I ane i n the counterc I ockw i se 
di rect ion. Then, the cleaning rol ler 61 should preferably be pressed 
against the drum 60 within the above angular range, i.e., a range 
extending over 45° from the top of the drum 60 right above the axis 
of the drum 60 in each of the clockwise and counterclockwise 
directions with respect to the rotation of the drum 60. 

As stated above, in the i I lustr at ive embodiment, the cleaning 
roller 61 is positioned within the angular range of ±90° from the 
top of the drum or image carrier 60 in the direction of rotation of 
the drum 60. In addition, the diameter of the cleaning rol ler 61 is 
greater at opposite end portions than at the center portion in the 
axial direction of the roller 61. With this configuration, the 
cleaning roller 61 sags little despite its own weight. This 
successful ly reduces the var i at ion of the width of the rol ler portion 
contacting the drum 60 and thereby reduces irregular cleaning 
ascribable to the sag of the roller 61. Further, the ratio in 
diameter between the center and the opposite ends is optimized in 
order to further reduce the sag of the roller 61. The roller 61 
therefore contacts the image carrier 60 in a straight position and 
obviates irregular cleaning ascribable to the sag of the rol ler 61. 

A twenty-sixth and a twenty-seventh embodiment of the present 
invention each provide the above cleaning roller 61 with the same 
configuration as any one of the transfer rollers of the second to 
fourth embodiments. The twenty-sixth and twenty-seventh 
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embodiments achieve the same advantages as the twenty-fifth 
embodiment. 

In summary, i n accordance with the present invention, a charge 
roller, developing rol ler, transfer roller, cleaning rol ler or 
similar roller included in an image forming apparatus sags little 
despite its own weight. This successful ly reduces the variation of 
the width of the portion of the roller contacting an image carrier 
and thereby reduces the local omission of a toner image ascribable 
to the sag of the rol ler. Further, the ratio in diameter, hardness 
or density between the center portion and the opposite end portions 
of the rol ler is optimized in order to further reduce the sag of the 
roller. The roller therefore contacts the image carrier in a 
straight position and obviates the local omission of a toner image 
ascribable to the sag. Further, even when the rol ler sags due to its 
own we i ght, the potent i a I of the roller rema i ns substant i a I I y un i form 
and obviates the local omission of a toner image. 

Var i ous mod i f i cat i ons will become poss i b I e for those sk i I I ed 
in the art after receiving the teachings of the present disclosure 
without departing from the scope thereof. For example, in any one 
of the seventeenth to twenty^seventh embodiments, the 
photoconduct i ve drum or image carrier may be replaced with a 
photoconduct i ve belt, an intermediate transfer drum or an 
intermediate transfer belt. 



